New theories suggest the universe
began with a Big Burp and not a
Big Bang. But astronomers are still

looking in the dark. By Mark Sincell
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THE UNIVERSE WE KMNOW is a big old
lumpy mess filled with all manner of parti-
cles, light waves, and who knows what other
exotic stuff. But it wasn't always that way,
Somewhere in the neighborhood of 14 bil-
lion years ago, when the universe was only

a few microscconds old, cosmologists belicve
that it was a superheated soup of subalomic
particles called quarks, the building blocks
of protans, smooth enough to make a French
chel weep with jealousy.

Understanding how that primordial soup
grew info the present vast foamy mixture of
dense galactic clusters and empty space has
occupiced Mike Turner for most of his distin:
guished career. And for the moment, Turner,
a cosmologist at Fermilab in Batavia, Minais,
and many of his calleagues think they have a
pretty good idea how it all works. 1t's a little
theory they call the Standard Hot Big Bang,

In the heginning, there was nothing, Then,

with a big bang, an almost infinitely small,
hot, and dense universe exploded into exis-
tence, Mere seconds later, the soupy universe
had conled encugh for quarks to combine inta
positively charged protons and their neutral
cousing, neutrons—and then for neatrons
and protons to fuse into the nuclei of light
clements like hydrogen, helivm, and lithium.
A Tew honedreed theusand vears of cooling
later, these nuclei combined with negatively
charged electrons to form atoms, Finally,
gravity pulled the atems together to form
stars and galaxies, “The theory is so success-
ful that grander theories will lave to swallow
the Hot Big Rang whole,™ savs Turner. “It will
be enlarged, not overturned.” And that is
likely to happen sooner rather than later.

I the past year, a rash of new discoverices
has prompted cosmologists to start rethinking
the Big Bang. Naturally, this makes them very
happy. “The vear 2000 was the mosk exciting
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for cosmology since the 19305," says Max Tegmark, 3 Prince-
tan physicist, A diverse army of experiments carcied out in
space, on mountaintops, and suspended From balloens is
now giving cosmologists their most accurale aceounting
cver of the makeup of the universe, And what they are
finding is nothing like what they expected to see, Scott Do-
delson, a physicist at Fermilab, sums it up nicely, "All the ev-
iddence points in one direckion, But it is 2 bizare direction.”
The direction is called mflation, In the carly 19805, a

theory began to circulate hat claimed that the entire vis-
ible universe is actually the progeny of one of many tiny

litte gas-bubble universes that each expanded rapidly
during the first 107 seconds after the Big Bang, Call it
the Big Burp. .-"||lhu|]_|_.*,|1 the theory doesn't 5y n:\'iu'l]},.'
how much the universe grew during this inflationary pe-
riod, says Tarner, *We think that in that growth spurt, the
universe grew by the lirgest factor ever”

The theory of inflalion makes bwo key predictions,
[First, the Eﬂl‘l}' universe should have been almest, but not
perfectly, smooth. Sound waves from the Gcling echo of
the Hot Big Bang rippled through a dense fluid of mdia
tion and particles, creating patlerns of high and low den-
sitv. An inflationary expansion would lave strelched oul
these primordial waves undil the universe was as serene as
a reflecting pool on a calm spring dav. Although the so-
valled cosmic microwave background racdiation hroke ee
from the fluid when the universe reached the ripe old
age of 300,000 vears, it should still carry the fossil imprin
of the echo of the Big Bang. Sure enovgh, in 1992
MASA"s Cosmic Background Explorer satellite Tound o
striking confirmation of inflation’s first prediction: a one-
thousandth of a percent variation in the brightness of the
cosmic background radiation,

The second prediction was more troubling. Inflabion
demands thal the universe be “flat,” but not in the con-
ventional sense of a labletop, Tn the four-dimensional
world inhabited by cosmologists, “flat” means that paral-
lel lines never comverge, T "curved " universe they
would eventually cross like two lines deawn on e sur-

face of a balloon. For the universe to remain flat, however,
the total density of matter and energy must be exactly
coual o a certain eritical value, Bul every alempt to
weigh the universe came to the same conclusion: Its den-
siby was ik most 40 percent of the critical density.

That is where things stood when in 1993 o indepen-
dent teams—Saul Perlmutter and his team at the Lawrence
Berkeley Lab in California, and Brian Schmidt's team at
the Harvard University Cenler for Astrophysics—started
weighing the universe. To pul the entire universe on a
seale, both teams searched digital images of lirge swatches
afl sky for the sudden appearance of exploding sun-ike
stars called Type la supernovae, These parden-variety
supernovae have a special property. Within a week of ex-
ploding, and before fading into obscurity months later,
all Tipe la supernovae reach the same peak luminosity—
aboul equal o the 100 Billion stars i a typical galasy.
Sinee the nhserved brightness of a distant supernova falls
in strict proportion to its distance from Earth, asbronomers
can caleulate the exact distinee o each Type la, Provided
they can cateh it before it reaches its peak brightness,

“lipe la supernovae are a real pain in the neck,” savs
Perlmutter, *because cach galaxy only produces about
two of them every Phousand years, and they happen man-
domly.” But by sweeping up 10,000 galaxy images every
Few davs with a digital wide-field camera mounted on a
robotic telescape, Perlmutter’s team is guaranteed to Find
a few newhorn supernovae, Follow-up pictures froma
warldwide array of telescopes revenl the color of the fad-
ing supernova flash, which Perlmutter’s team uses to de-
duce how much the universe has expanded in the time it
foak the light to travel to Earth, And when he compared
the supernova distances with the amount of universal ex-
pansion for more than 4 supernovae he had gathered by
the end of 19949, Perlmutter got the surprise of his life.
“The expansion of the universe is speeding up,” he says,

That is not supposed to happen. Ever since the uni-
verse expanced imto existence, Niring particles and mdiation
inter the void like balls from a eosmic cannon, the atbractive

DESPERATELY SEEKING SUPERNOVAE

COSMOS COMBING

AN ARRAY of Innovative exparl
ments is hefping fusl a moent ax-
ploslon of advanees In cosmology. wlogy Projoat
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gravitational force of all that light and mat-
ter has been trving to pull the universe
back together, The nel efTect should T b
slow the expansion. Instead, Perdmutter’s
team found the opposite, "It as if we
welghed the universe,” he savs, “and
fovmd ol it was negative.”

The total weight of the universe is less
than zero? Mol cxactly, Although the at-
sravity 15 proportional to
the tatal mass of an object, Binstein's
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theory of gravity also conbaing o goan-
tity—eallied the cosmological constant, or
“dark energy™—that pushes back. Adding
dark energy increases the weight of the
wiiverse, dand il counteracts the pull of
normal matter and accelerates the cosmic
cxpansion like air Dlown into o balloon,
The surprises weren’t over vet, Since
matter is attractive and dark enerey is re-
pulsive, e rate of cosmic aceelerbion s proportional to
the difference between the density of the universe’s miass
and the density of the dark energy. Using the best cur
rent estimales of e oss densily, Pechmuatber's team cul
cultted hiow meh dark energy was needed to aceonnt for
the abserved acceleration. They found that they needed
i lot—aboul 60 percent of The cratical density, Which is
;||:1'i:l |'I|'I,‘[ i_‘i{'l'l.: III'I'.'I' |'|'H|.I;,‘|'| I'_‘Tf'l'jl. Iiiss :|r||] "I'Il'rsﬂ E'”\Inﬂ[U'
gists needed to make a Hal universe. "We were stunned,”
recills Perlmutter, "and we have spent the past few yeirs
Frving Fo fgure out how it could e wiong.” Not anly have
they failed to find any erors, new data from other tests

ANTARCTIC HEAT HUNTER

A 28-million-oubic-feot balloon
clreled Antarctlca in 10 and a
half daye in late 1888, holsting
a telascope above 99 percent of
Earth's atmoaphere, Callod the
Balloon Observatory of Millimet-
rie Extragnlactlc Radlatlon and
Geophyslcs, or Boomerang, It
searchoed for tny verdatlons in ra-
dlant heat that ara lett over from
the Big Bang.
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Saul Porimutter gnfﬂl& surprlse
fo whan his team started
K the universe.

completed within the past year are conlivming heir resulls,

Like a cvmbal crash, the cocho of the Big Bang is not a
single pure tone. Instead, the vibrations that are imprinted
on the cosmic microwave laekgeomned are composed of 3
primary tone followed by weaker overtones al successively
smaller wavelengths, The wavelengths of each tone de-
poid on fe siee of the wmiverse ab the moment light
broke free of matter, which in tum depends upon the
universe's geometry. IF the universe is flat, then te wave
length of the primary tone, aind the size of The most com
man bump in the cosmic microwave backeround, should
be about | degree across when seen from Earth, The
Cosmic Background Explorer mission, however, did nal
have the sharp eyesight necessary to spot blobs that
sl “IE was just a bluery image of lamps and bomps,”
savs Caltech cosmologist Andrew Lange,

That is not a problem for a new generation of cosmic
microwave background telescopes. Sporting state-of-the-

art detectors, ground-basee telescopes like the Micnomwive

PROBING TEMPERATURE DIFFERENCES
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about the strue of
aarly uni [}

4 ﬁ'ﬁﬁ'_nnlstmpr Frobe, a
sateliite due to launch this
apring for & two-yoar mission.
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Unscen dark matter revoads [tsalf by
Its mnss ond gravity, which bond pass-
Ing light boams. i

Light path -

1_ Light lopvos from o
galaxy near the edge
of tha visible univerie.

2 5ome of thy light :
passes through a cluster
of galoxles and surround-
Ing dark mattar. The dark
matter's gravity aots e
& lans, bending the light.

Anisotropy Telescope in e Chilean Andes and high-
albitude balloons such as the Balloon Observations OF
Millimetric Extragalactic Racdistion and Geophysics (Boom.
crang) and the Millimeler Anisolropy eXxperiment [Mag-
ing Array (Maximi) can find every blob down to less than
onesixth of a degree, or 10 are minutes, across, “That is
less than one-third the size of @ full moon,” says Lange,
the principal investipator for Boomening,

Hecent results fram the three telescopes all agree:
The wavelength of the primary tone (s one degree; the
unmiverse 15 flab, “They are amazingly, strikingly consis
tent," says University of Californin-Berkeley cosmologist
Panl Richards, the principal investigator for Masing.
"ot s likely we'gol the right answer”

But if the universe 15 flat, what is dark energy? Al-
thonsgh there are a namber of proposals, says Perlmulter,
neone really has any clue what it could e, And the best
theoretical caleulation of the value of the cosmological
constant overestinites the weight of all the dark energy
in the universe by a whopping facler of 10" Exercising
his wift for understatement, Tiurner wonders il “mavbe we
are missing some deep principle.”

Part of the problem is that astronomers don’t know
where all the dark matter is hidden. Dark matter in palax-
ies and chusters of galaxies can be found by abserving ils
gravitational pull on orbiting stars, But whal lurks in the
immense voids between the galaxies? “We are looking at
the whitecaps on the surface,” savs Tony Tyson, a cosmol-
ogist at Lucent Technologies' Bell Labs in Murray Hill,
New |ersey, “but we need to find the mass of the ocean.
It is the Holy Grail of cosmolegy.” So Tyson and his col-
laborators have worked out a method for weighing the
oceans of dark matter that seem to flood the universe,

They call it weak gravitational lensing, Any concentra-
tion af mass warps the surrounding fabric of space-time,
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& Moat of this lIght s
seatterad, but some Is
focused aod directed to
Earth. Observers soa mul-
Uple distorted images of
the backgraund galaxy.

Light passing by the mass follows a curved path similar Lo
the track of a marble rolling in o bowl, So if the light from
a faraway galaxy encounters dark matler on s journey to
Farth, the galaxy's shape will be distorted, ar lensed, in
the same way heat ripples make the distunt highway
shimmer. *It is a cosmic mivage,” says Tyson, By combin-
ing images of millions of galaxies, Teson's leam hopes to
creple o 3-00 movie of he evolution of all the mass in the
universe. “It should be really beautiful stufl," says Tyson.
Tegmark agrees. “These are the fest shots in another rev-
olution in cosmology,” he says,

Aned vou ain't seen nothing vet. Perlmutter's search
conbinues bo tuen up new supernovie (52 ot the time ol
writing] and other groups have jumped in, steadily refining
the picture of the accelerating universe. The Boomerang
anel Maxima Balloons will return to the stratosphere in
the next two years to snap more pictures of the cosmic
microwave background. These experiments will be accom-
panied by the Microwave Anisotropy Probe, a satellite
scheduled for lanch in 2000, On the deafting table are
both a Dark Matter lelescope dedicated to the search For
weak lensing and the SuperMova Acceleration Project, a
satellite for measuring cosmic accelertion.

With such a formidable array of hardware at scientists’
disposal, il is nol hard to imagine that they will soon solve
the puzzle of dark energy. “A whaole range of areas are
really Blooming.” says Tegmark, "so even if one fails dis-
mally, there is sHll no way we can fail." IF they succeed, the
venerble Standard Hot Big Bang will have to be swallowed
up by something new and unforeseen. Mo current theory,
not even inflation, predicts the presence of dark energy.
5o is Turner sad to see the once mighty standard model
vielding so quickly to the onslaught of new information?
Mot in the least. " This is the way science works,” he savs
cheerfully, "Cosmology is entering a golden age."
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